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£ Safe £ fSSj °J AJa| oflofl 4- ^}2^l ^A| 7 |2) fioj^ 2 flt ^ 

£ 8£ £ t^S] OJ ^A) o))o)| 4£ ^)2^*V afl^^fc A ^ ft o|f-f-A)A| ± Eflo))Ai 3£# Af-§-«H- 3* Al 
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£ 9fe £ £3 SI <|) AjA| oj)o)) „}£ j}£ TflS^^H .^A|E) Amo, oflu^l JiO^JT Olfe. £ ^ 



- - D r^d f-AjA|^o)]A-) cflo)El ^ 7A o^ Si] cflo|El* *}£4^ f^ofl 3.S.7I. yl-AB 8V 

0| O) O) 7 |) Xj ^.g. *| gj ^ ^ g ^ o)] £ *V 3} 0 | Cf . *" " 



***| «>£ ^ ^a J a|a : ^o) ) a 1 ^ -a ^^-Ufl Mil 2E (convolutional codes) 4 aE (t 

UfbO COdes) f-S] 4°J 4^7)7} A)-g.£)^ Aj^^^ = o] ^J= 4-§-E]SJ^K °]Ei*V ^Aj f-A|A) ±E Jo)|A^ 

-^.^-^^-rSlCFEC: Forward Error Correction) Si- i-ff-^-f A|ofl c^o) 5|)^io] ;q]x1=£.§- &-?4^ zfl^HJ-i} (AR 
Q: Automatic Repeat Request)* 3.^ Af.g-4^ ^^IM (Hybrid ARQ)<>| 5U4 av 7 | jg. 

AjA|^ E fl£ ^)^A] ±E fl ISDN c,^^ 1j! #4 (Digital cellular). CDMA -2000, UMTS. IMT -2000 *«*M 
#7l 5.#^^-?-i.(FEC: Forward Error Correction) Sfe- 25 (convolutional codes)>4 ^Ji SH.tur 

bo codes) 514. 



^r. %N ^ili^-^'d: 35 (convolutional code)^- E-j M 2E.(turbo codes)!" A^sffe- 4f^^^uV/0 r] c(.^^|)^ u o v,_ 

tfl^ x)H4^ ^^^"o-^'-i- a^4j, oj4 ^ Jfl^Jfi^ A r -g-sH= OA d ^.Ai^^Ego, 
51 t:r^AH^«VAio)|A^ 2 ^ (Channel coding scheme)^ ^ «f ^^*(Throu 

ghput)* feo) ji a| ±E flo, aj-^ 7l)<a ^ 7l o,^ (ARQ . Automatic Re Re st) o S ^n^v x| )xj 



-]e1t.MH4S- xfl-d^^A. o) c,^,^ =LAi^ (convolutional code) 2~ E^Ji 5H(turbo codes) £fe Aj^ 
4-8-ol-fe ^^-¥-^7)7f oj^^j. -« r i^( cocle rate) ^ 7^4^ ^o||Ai #«j-^4 £ l a 2|. £ 

lb^r f-^-aj-y *Hi4«- xfl^^AHl slsD cflojEit ^e]s)^ 7fl^a} 0.3. £ a)*> £ ^o|4. 

°1» - a rS.m 5L^'SH, ^1 <H|o|^(( L+ CRC) xr ■> ^co) %]e] 4^4. 

±^ *M f-Sfl ^#47fl «4. ttfl, -^Aj f-AlAl^Eflo, -A] ^« ^A|7| 3.40, 0,^40)) s]«| ^lefl rflo|J 
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°1* £ lat % V £*M in). -7s)|^ o a tfsm^, o pAj ^^5^4 ^ ±± tflonM afl^j (L bits)# oj^o^ * H 
CRC -f317l(110)fe .2.#3# J r-:S.(CRC)f- 4-§-*M ^£3^4. ^-71 ^-i^ofl o)a|) aj. 7 | £3.33 

^(CRC)ofl £1*1) cflold |s (L b its + CRC)°l ^€4. ^7) o)*H C RC(Cyclic Redun 

dancy Check) HlSf J^sj-oJ 4-§-#4. J^s^ cflo]El l-5=-(L bits+CRC)* *HHi *t§.7] (1 12)3. 

113*11. A J-7| Wl(ll 2 )ot| 2)Sfl cH|o]^ *#(Lbits + CRC)* *H<=! £-3 (Channel Coding) S)<H 
4. A <M 332 0|o|El t^((L+CRC)XR -' )£ 4^ (multiplexing)*)] 443 7)%- *Jt#(lM)f- 

U-7| ±^ ^fl^-i- f-sfl ^Jr^s) cflo|Ei ^a]7]°1 <M4^2H 442] 7|^ l-4t(116)€- ^71 

*JL2HE! cflo|E^ 34f^*M a«go| °)^*! cflo|Ei *^( (L+C RC)xr-' )-fr#s|£4 

a«3°| o^o^ -Al € oiolEl #^((L + CRC) XR -' )£ *||^ 4i7l (Channel Decoder) (1 18) S U^M «| 
^ ^2^(Channel Decoding)°| °]f-<H*!4. A o v 7| *])>i tU^l <>|f-<H?) e)|°1&| f-4^(L bits +CRC) * CRC 45L7) 
(120)5. UajSM £#33^3: 4^Sf7l- o]^-<H^ ^efl d)|o]e1, £^ 4|o|e1 3)]^ (L bits)* <3# -"r 5U4. 

A c)-7] A^S^S. ^3L#7f Ol^^]^ II £4* 7HJL CRCt 34*H A J- A 1 £± Cl|o]El fl||^o)| JL = 7 r «-4«Ha 
D J4\ A o V 7] CRC f-^H £4t4 #0.-3 Aj- 7 , ±± cfl o|El Bfl^ A^ )7 || f o £ 3£ £U AV 7) i± 

3 J*l5H cH-l-tt «)" 0 J-tl2S. " ACK (Acknowledgement)" t 4"il7|3. #*St4. 444 47) CRC 34# *afl i 
Ir4 AV7| ±± cflo)El ^o, o. ? ^ ^olAl^o) - NAK (Not Acknowledgement) " f #^7) 

5 3*44. 

£a| 7 )^ cflojEj a.^.^. Jf^SfsH 3*4 * 47] cflo|El -g-^sM A o v 7) 4:Al7l5.^-E-l£l Sh^lAlJioj 

ACK/NAK* ^7) ^a!7)^ Sl-oiAi-fL^ NC m 5t)^ cflo|El oj'afl ^ ^ 

A o v 7| ^|| -°5.^r Stop -and -Wait ARQ, Go -Back -N ARQ, Selective -Repeat ARQ f-Sj ^e-j f^=. 

A J-7] ^Al7|2)- ^7|?_H1 5i<^ ±± q ]o ) E ] sfl^o, ^x]^ 0 | o|^o]^|^ £ lb o)|A-| 7H^2j±S. Ji^^jT 

A o V 7l £ lb^l A 1fe ^^71^^21 m^oj] ^^1 NAK -a)^) o|a|| £a)7|^ ^Sf^l C-)|o| El #^o. ^ xj^S^ 



^)ei*V tS.Hr S\e<* ^ ft-S* £i>-3 Sl^ 3CPP -2(3rd Generation Project Partnership -2; *7|^] 
S) S§)# *HH ol*#^A|ifl(«>|«F " CDMA -2000" °)£r % , «-)Sl °H<H °J El sfl <>1 ± (Air interfa 

ce) it^^A^ ^ Al^eflo, ^ c^^'d^HlAi W S ^ (Channel coding scheme) 2] nflo]El 

^i^E-i-^-lr feo|j7 A] ± t SB] Aj- # 7H a } ^71 ^14*)- 4g*ttj4]e| Af-g-sl^ ojc). aft< 3G PP(3rd Gen 

eration Project Partnership; w] §-7] •fj-i} 2] S^)-f sffe- ^*i)tH °1 ■§■•§• ^i^l^.^ (<»l*r " UMTS" &r ^'^) 

2] oflo^ ?1 El »(o|± (Air Interface) S.$°fl A 1 Ji^g ^^^2] nf^^^Hj-Ai ^ c|-^^^»J-i,Hl A 1 ^fl^ 3 3 ff^ (Cha 
nnel coding scheme)2) cflo]^ ^jMr^ S«l jl, ^. E j5] 7^t}7] ^ll^rt v 

£U 5*4. 



^11*^- xfl^^^Aj^. c}-- aH^lHCPure ARQH U I*H ^^-l: 0 ) if 4. ^e14. ^£2) -tlJlcfl^U) 
(S/N: signal to noise ratio)7 r ^7}^^ ^e1*o] F EC2] -f 3L*(R)5. ^ A o Vo l 4<r 

xi^^ij^ H )§H *)B)#«>| #±*Hr ^Jl44 *^8«-4. °H-°r S* S/N^I A l£ *jBl-fro| 1 .0(100%) ^e44 
*SHr ^1^* 7^4. °14 ^* -S-^l^* £ 22) ^)l4*v ^H?!*^^ (HARQ Type 1)2) «IM Jioj- 2 ^4 
^. ^11*^ £ 2°1W iL^o| a^*o] i.Qofl C-) o|a o v e -^ sW jjl^^. R(< l 0)OJ] 
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°le14 4*l|*-§- afl£*r3!*r a|~§-3£. 2°1 *i]2 3l *ll34th ±W4. ^7) *\)2 "A aH34£ ^H?}^ ^4 .9-4 

3343L °ll Bl c d^^l2) ^-i- ^jisv gaj ^£ofl 44 7 j.^aj 134=^. 4^ a) -§-*-?£( 

Adaptive structure) 4 7 r *]4. 4^1 ##4 *1)2 ^ *fl34?h *H#4^!4 *)]l4*3- *1I#£%*H ol*H °J43.°- 
3. *le1#<>l 71)^^4. ^, Al^s) s/N^l 47 r t44 £4^45:21 4£-§-(R)*l Hi ^4^4 ^^d^\2\ S) 
±3. #°J±5.^ ^e]#o] 1Q fl -e-^Sj-S-lj- *j-cf. *V^, -tl22] S/N°l #±4<3 .2.4^45121 431-§-(R)4 0°fi ^ 

4S.4 e1 c d c d^|2) aims *e)7^<4 IE4 e1?! c d^)» 444 0: l fr.°3*1 *fs)-§-6| 7}%-q cH| e^4*l &£4 
s]aj°1 if- $3-1- 4^44. °|e14 °I43 °d*H *l)2 « *fl344 ^4^14 ^4 S/N4 £4 s/N°IM sl4 ^e] 
#2] 7ll>!d# *ll4t 4 



5J ^|3 4$ 7fl<a#f Ajo) xfoi^^. 4^4 £4 



A o V 7| ^12 44*H*i4 S J^2l 34°l|rr 2:71 ^^A)ofl R1 -|. j cc£ ^4 qt 7 J. 3]-£ -f £-§-3. 3 

444 #44:n, ol-Mte- 4£-§-°) 1.5L4 44 el<d'dA) D j-^. £444 «gAl.fi. o) D |SVcK 44a-] 2 4, 343. # 
£S]±r iHQQ*]<&°.3.& ^3_7} 47}444 ol^^ t^e) cflo]^ ^-a ( Ao. ^lyojAD-g. ^ufo|ij«fej 4;H4i- 4 

^B«fl*»> 44. 4^1 tf7l *1]3 ^4^4 ^7] 34aH j^-g. R1 .g. j £4 3 ^o_ s cfloiEj J-s. 

* ^J^sll °1£°1)£ *f$.-§r°) ia.cf a a|c d cjA|s ^^4^ *jA,^. o)o|^4 4^ 3^3. 3^S)£r £l c d c dAl 



HtH^S ^)|3 4# ^H^2] Aj-KH?!- ^- 0 r *le|l-^l ^|2 ^-t,*- ^ll^^^^Hl aV£ 

«^S* ^l-d4. SE?> »13 4th m^i#%*HlAl A^slfe. if £ ^ Complementary code «cf. °dH 



?i^tl ^12 ^ ^34^ *H*i*%-iHH 7f^v ^£.*v S^al-jiXr t}^ s}^s] «-4( 0 l§h " ±± «H1*1 

E) o|af 3°JtV4)o|| C)1«I1A1 ^-g- ^^«rfe- m°lEl 442) 37)51- °1 »|] sfl'g-Sl^ -f-Xi:. Jfi<H J2E] Jl z^zj-o] 

m?l* a|<H1 a^e)^ 0)0] e) 1-421 5L7lfil-o|ofl s)j<3-E]^ ^lt, 4SL<>lt l^sh^r ^"14. °fi# SL42 (Mo 

thercode)2| -fSL-i: 0 ! R = l/3°llL. 3^21 7fl^^o) 7^*V A]^6fl^. 7)-^ *h ^ -f °fl ^42] 7H^^°fl tcff. -»f J. -§--£- 
471 <S1>4 £o| ^a^sv - OJc). 
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A o v 7| < & i > <hh A J-7l ^I2el c d c d-Al iH^dg- ^s-i-SAi i/2t 7^)4. 4x1^, olfe- ^ ^z^QQ*} ^°\] 21 
*H -rSir°l 1/23. ^a^^ 740)4 cc*}. aj- 7) <S _ l> o))x^ ^3el«<l<ilA| hI^^- ^#S.Ai 1/3-fr 7>^14. 4^°]-, 

^ll, *)12 51 ^l3el C d , dAl 0)gH Jf^-g-C,) 1/30^3. ^Ajs)^. ^0|4 S AjXj^j 0. S 4 ^^oflA-)^ ^.OJ*).' 

4±#°1 Af-§-s]^^o)4. 
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47) < g. i > oflAfaj. 7^0] z}-z}.2] xH4£°l) 4€ -"r-i-l-i- ^34 4421 JML-t-l «H#£|fe- £■¥■£( 

mother code) SY-E] «H£ ^£4*1 U]ES - o]u]# 3p Tfl *]£a]o|] ^t}jl t 2-1^^) h|e 

* -HI *H 3£*)<H] 4#4tt42] 43£ ufi-f 444 f if4 514. £4, ^^-ofl 444tt 4«}4 el c d c d*l h]e§ 
°fl 44 £^ 442) ^^M7V 4)-° r 3.A 4^ t -r£ 514. 44 A i 332) 3.44^ e] c d c d*) 



4*14, 7]^2] Cflo)El f-AlAl^Efl o. £ gv iv 3Gpp _ 2S] CDMA _ 2000 A | ±E floj cJ-f^Wj-A] ^ Cf^^^HVAj^^ 

xfl'i 3^ ^(Channel coding scheme) 4 4, 3GPP2) UMTS -M^^Sl 41^44^ 31 4ir x)] "i4-±! <HH *ti2 ^ 
*il344 *ll?i£^-§- 4-§"t 3^ a H 44 4*11*4 44 7]^o) *||a)e) olx| oj.^ 2, ^ifLA^ (c 

onvolutional code) 4 3E (turbo code) 4 ^^^-t- 1444 3321 ^|^5)-7l ^]2 4 ^]34 

* 4 °fl 44 444 4*14*1 4f^444 44xH^444 4444 A )± E ,3*o)H-cr D )u]*> 4Eflo)ci-. 



44 3GPP -221 CDMA -2000°£S>1 <HH °]EW^ (Air interface) dIMeI xj£ ^ ^ (data transmiss 

ion channel) "HH 44i-§- A j-§- *]^$\ 7$^t}7] x\]2 ^ *1l344 ^H^^S: 344 

34 5144 t\jL 514. 4 £44 c|x|«|i f-AlAl^Eflo] Ajs]^ %1 av 4 ^ ^ ^ (throughput) 7flA d o|| t^i^l £££ 
.2.43 3 451 4 ^H^^ M o VA nHl 444 44^4. 7|£°1 t]*]<g ^.aIaI^Ao) Aj- 7 |]A) -g-o>2). 7jxj E ]^ *H]cfl a) 

± E ^S] ^44 44*414 "<KM1 44 344444. 



°H. 4*112) ciio| El A^sfe 42 51 *1344 *H4£%4-£- ^442] ^lf- 7HAj5>7i ?|«h g 

£ i^So| «JH83£J* 44444 3321 444 44 4 514. 443^£ ^H^-Y-JlSr a o V ^±5. ^d'M^'d^ 2E(c 
onvolutional codes)4 E) a5.(turbo codes) ££^- ti^l-^-^s: f-°) ^^^-S7l# Aj-^-s]-^. aI^eaoi 

4^^^ 91 4^^^ , y-^ 0 fl A i 3-^1 ^4 (Channel coding scheme) 2] cflo} E ^ ^^j-^-a^ feo |j7 a| ± ej) 
21 7flAj^7| 7)-^ x}^^ A^*Vcf. o) 7J^-<H1^ «a*3| «LS -9#«* (symbol puncturin 

g) 'at* 4 (symbol repetition) f-f 4"§"44 4efl2| 4 HBjSl JL >LV 0 j£H4 i^^^-f 5.2] 

A J^-# -SL^t^r 514. 



^ "flal a^^r - u r5:7liA^ «. ±o1 a) a. (Coded symbol) ^- £ 7f^2j ^7)2lo| ^ 

•d* 4-§-*H ?i**H, °1 ^7|# 2)i5t-trcK ^ tn^i ^Tj^- ^^h)e ^f. 7 \=L* a)^s).sH, ^] ¥iD a^i^- ^ 
S.7]o\]a] t"^£)^ -¥-51^ 4 1 (Coded symbol)* 4-^3 5°dt!- 443H€ ^, 4^^ ^M^o) sfl^if- 4-g-4°1 u d4 
§H o) ^7|s o'x]5l- 2-^^. h_V4 HlM ^f. 7)-^xj 4lcll5|-*VcK 

°14 tll-cH «d4 45:^* 4-§-4^ ^ >iJ2.E (Turbo codes)4 ifl4-r5ll-2l 4-§"4 ^4 o 

5- 471^ -t 51^ S-xflx^o) ^cf. Z]-Z}-o| xl|x}^ofl o|5 fl xl^-E)^ e)cHoiAl7|- uj-a. S-^7l°l 7^3 4S7|o)| 

44. 

4-£4 44 S4 #2fl2] CflO]E] f-AlAl^Efl^A-l^ i} 7 ]$,). 7^^. g.^Xlo| OJ^cf. 

^ >d1l5., f^eflSl c)]o]e1 f.AiA)^Efl^. i^i-tbCDMA -2000 ^)± E J2) 4#^^r u o VA n 1 ^ 4#4^ U 0 ''AH|^ ^ s.^ 
(Channel coding scheme) °] 4, UMTS 4i^2] 4^44^ ^ 4^x11^4^^]^ xfl2 ^ ^\3^ xHxj^^A) 
* 4* 1> ^-°r °H1 44 ^xflajo] d^o] ^ajo] a)lA|E]A) ^^c|. 
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4 *))2 « »]344 ^S*«4H-H ?W 4-2.4 24 ±± cl|°HM i^ofl c||*1H *|* 4444 4£43 nflol 

El 442) H7)4 o H ] sflcvs)^ u ±#4 2£]2 ^o, A|ofl A^-Slfe 4J^ € cfl0 | El ^o, 37,4 

°HI *I14S)4 4J-44 4£2) 4^44. neiuf cflolej f-AjAl^eflo] 3 o. u^o, fl*.ol 

*»4s|*l &44. --1 ad 1 

4 *1|2 « 1344 U444KHH 344*1 4*j# ?)*W4 a J# 4 4 (symbol puncturing) £^ 

-St S>4 (symbol repetition) 44 4444. o| 44 4-4 g 7 j. x] 3.3 = 0] ^_g. s , m^SJ^oJ: 5. 

43345121 444 iL^I-t 4 4°4 o]-e]^. S7js.o| ^jflaj o. S 4°j£|x] o^ovc). 

Ml mS., 4^2) 42 31 4344 D441H2) 34 oflfc. 4<y ^^ 7)f . A y^ t} ± SL^^-^S.^ 444^ A)^ E flo, 
^° eHI ^ 7 '£*i^- *W ^51444 443 4*U 4444 °)S^E1 Elc d c d A| t « t v^ 444*. W^Cf 44 
D J, °lrr El iLSH (turbo codes)4 44 44 42444 444^r £43 34 £2] ^40)) aflA^o]: a 

•M 33344 44*114^ 4 €4. 

IftM 44.Ti4 44 7|#51 4*|) 
444. 3"7)4 44 44 4*l|3* 81)1 51-7] 44 £ 434 *) 2 31 *)344 444 2^^- 

44 4#a| o.s 444 4*1 D J #-a# *))44«fl 44. ~ 

4 433 4€ 434 -7-4444:^14 44 4f47f 44^ 443444 « 44 sfl^HMH 4^3 ^ 
ol 7t)Aj 8 L 7 ] o,^ *|]^ ^ *g 4 (Channel coding scheme) 4 *D34 44 3 Jl43°] o|# 
sj-jxxf 4^ 4*}- *H4444 (Hybrid ARQ)4 *U44lL4 44. 

4 433 S 4«- 434 444^°) £444^ 2 c cr^ ElM 2 e £ ^ AJ^^^^O. ALA^U. ^o. Di = 
« 4-8-4^ a|2jo, Aj-^. ^o^ - oj^ 4oy t}jL7} m 

€■ u ^£l Hi 4* 4^1^ 44£) d*4i4 4^r nio )El 3,1^1 4^ cflo lE ^ ^-42) H7 14 o] 

°fl ^4E]^r HEl JL 4421 ^H4^ a|«| a^SJ^ r fl o| E 1 44S] H7)4 o|ofl 5fl4£)^ --r^*4 

4^ 21 t 1 ^ 9! 44 
44 ¥s £4* 4££4<H 4^1*1 ^^44 444 44. 

0,4 4 t€ ^ ^o J€ . 7)# o, 3^^^^ 2H (Convolutional code) Efe EjJi 2S (turbo codes) 44 4^444 

3£* 444fe 44 ^H?!*^42| ^4?H44 ^14 ^144^4 44. 44 44 7)^1 Af4H) fe 




4, 4 D J«Hi 4- ^12 51 ^1344 ^4^^^^. ^ ms _ m. 4^0114 ^oj.^ o] ^3^^ o|» o, 

4 £4. 4 7|$s| 4*1. ^ x j^^ai 21 . a. Ua v^o)| 4s. ^ ^)34*v xH44«AJ4si =1-7)1 * 41 * 
4±S. ^^s]<H4 2°I4. " " 
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E) ^S] 37)5). oH| «||#S|fc- JjLJr ^gjul Zf^Sj *H3£ A| ofl A)--§-£)^ E||o|e1 37 | 2f ^ 

£)* ^^-1:4 ^512] ^^°|4. it #<H, Jl (Mother code) S] -?£*o| R = i/ 3 o| IL| 3^0] ^x}^o| 7 |.-# a| 
£1* 'r3*V ^*°11 3*£ < 3. 1 > 4 £o| z^s] xfl*j£o]| tt)-s ^.J:^ ^ ojcf o| 2 |. 7^-0) z)-zj- 

2) m$<$ ^ *J>** 13$ ^r-HISL zj-^o, ^ #o| - -^5: (mother code) ^x^ofl ^ 

B] c d"iH HISSI 13* u|] o. cf^ # = 7f oj^ cc t> 3.^ ^^i. Ajfi^ ^c d c d A| HlEofl 4= A^ ^ 
*r £* A o<**M7 r «H-f 37fl tf^tf ^£ °l£ ££ 330, Aj- # fi^fe ^"51^^ H |e«) ajeHo) B |] P p ? 

AdlOlCf. £ ll-goflA^ -f Aj ^DlDlAl U |HO| AjEMo] 37^3. ^E)^ ^ * (3«j2] *d*°) 

*H#£ 1H) *£#o] Rl =1. R2 = l/2, R3 = l/3°d 3*1 3*113. *U S)cf. «*V, aj. 7 | 4 ^ o. ^cjcjAlf- Aiej" 
*r* °i^^°d if a,'-!- ^H^ti^ 3H(Convolutional codes) ^ Eiti. (turbo codes)* 4** r * a 1^ e ,hT ^ 

<M *!Wtr4. *5i*2| *deH 4£f 4)*2j°d >£§Hr 5U* =r 5U°4 « r efl°)l ^Ml* 2:2#o| 7 |€-2j 03. o^ £ , 



<Wi o ^ ^.o^ ^-a,^ ^-(convolutional codes);* E^iL 2E (turbo codes) SE* ti^t** 

£ *°1 4-§-E|fe ^-Y-JMf. 4*<5r* CDMA -2000-M± E ,!] ft* UMTS *|±efl£ Aiai ^ n^oi e1 | 0 , 

^4 ^ ^ - H AJt ^^ (symbo , puncturing) t±t ^ (symbol repetition) I* 



aSl: ¥A7|oflAl ftaj^fe- -fs<H -SI- (Coded symbol)* 7f^2j ^««^s||fi a 7 ^aj ^7l3jo) jyo. no 
2:^2: ^1^ HIS =r# 7)^>sj aliSf*}-c)-. 

27d3: "^ 7 l°i) A -l t^Sl^ ^'«-(Coded symbol)* 7f^a] ^ifl^ 2. 7 ^aj ^ 7 |>{o) 3flE l^ a>^- 

S7J4: ull 7f^2j ilcflSj-*>cf. 

o|£r C)#<H ^ 4J:»Va,-|- Af-g-sj-^ El £ 2 ^ (Tu rbo cdoes)2 r iH^- H rSlt£l ^-° r ^«a|££ 4!* «^( sy 
mbol puncturing) *4 (symbol repetition) f-f 4*§f^ ^eflSl i^^o) ^ 7 >^ al^Hli; m-<gs| 

5: n d°d - u r2Sr # Rl =1°] ^ 2 4«" ^^d^*J^H|^^ 31±a] a)^^ ej^ ^^ofl «H^-£)^ 
"?J -y* (Systematic symbol)** li&Qz.}. 

£26: u d^ Rl< 1°] *fl34l, v ^H^^^^jofl^-ife 3|iS| a]o|| #££1^ g||o|e) §s.o| . ? a^ 7 j. #aj oja 
«H<>I1 sH^^r T 1 ^^ -tJ* (Systematic symbols)* 2.-r X^jl. ofl o^s) e, «^ A]*k £8n=.gL a)^^ 

4. 

2:^d7: zhzhS) *H*d£»1| 21*1) a^fe Bl?! S| %efl^ ^4±7|SJ ^^* jib)^ - ? a^ sL^y}^ 

fr a| c d c d^l* 7>#aj 3*^7)1 ^ o,^ ^EHf. 7 j.^o]: tVcf. 

2] 




Jol LOofl e^l>-^ a| ± e1»(^ 2= (Systematic codes)Sl I ^o, ^ 3H(Non syslemadc codes^ 
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21 E1Ji ***** ^° r4 ***** A ^ f - *+ * *i 

1^4 R = l/3°] ElJi 3E(turbo codes)2| 3* 4J1714 o|o)| a,* #4 4^7] £ 3^ £ ^ ^ 

47] s 3* #£<h €■ *«ssi *M oil 4* el* 2E wi cfl* cflo)El(u )fr ± )A| 

1* *«H *17HM (310)S 9J444. 47) ^)17 W7) (310) ^ ,v 7) ^ SW1# ^ oj7>£|fe . tflo afl 
sHr <W4 7^*M #344. °H, tf7l 1l7 r 47] (310)£ *l7^fe 0)4^ il2tJ c fl0 l El(X) ^ ^ea^ri" 1 
^71 ^117^7) (310)^44 #*>E) fe nW«Ht ,1U, ^12, I34?j7i m0 , ml. m2l 2]*D ^3)^ ^4 
W ^]l.|oj7l m0 4 44 13447) m2 ^El5] 12447) (312)1 2)*|) W 1 1 7^7| Q10) ^ *S 4 7 r 

4*H 123^ 1o,e, (y )s t§|€cK ^ AoV7) ^ 3 , )<a7l m2 ^. El2l # 7] m ^ 7] ml2 , ^ ^ 

47| (314)1 £1«H 7 W 5H ^7] S1E _«| Ajjr^ ^71 Xfll7Kt7l(310)£ ^17^4 21 ev ^7) sWl^ -V7| 

3J3°\ 4*4*! * Efl<y Hi Ef AVoJ Sf7) o, % Vo)cK «- — *ll o°1| Hi J- 

m. ^71 °Je) 143(1^ 43^(316)51 °!7^H o, Ele1 H 0 l^ * A.^*, SW2S 0,7^4 AV 7 ] ^ o, *, SW2 
1 44€ cflo|E^ ^47Kt7|(318)S 4424. 47) >H47W7l(318)fe *4 SW2^Ei 0,71-S)^ cl|o lEiS L 

If ",! £, ^TI E1 * WH # W ' A ° V7 ' Cfl ° lEi - * l4 ' ^ nO, nl, „2« £43 <>i 

4434 #344. o H , .1-71 144^1 n 04 *71 ^6^7) nZS^SI ^57^71 (320)1 ^ *H ^7) 44 

7KV71 (318)2) -^^4 7^0) ^132^ cflo, Ei (z)a Ao v 7] 7) n2i = « E1 o, cflo]E ^ ' 

67^7 (322)1 m W ^15X1^7] mo} 7W£)<H AV7) 3]H _ UJ| cflo)E ^ Ao>7) ^, 47W7 ]- (318)S 

^7| 5. 3^ a *o] e^ Wfr a^eHIbJ 41 (systematic part)^ ^^^^0, h^e! 1 ( Parity 1) 

^^/f^/J (Component encoder) 14 21^ A^E^e} =8 Ji »1 S (Systematic information bit) 4 

.El E) al_H- a - (Parity bits)# S)D)? _ V4 ^ |l4|h ,H^**j^j (HARQ -Type 1)2] ^-f<H)^ o] o = 7 t 

*!-*-S|IL3. 4S7H, §.^ 7> tA§E)A) g^ouj. Hz 51 ^34* ^^■3^)71- ^s,^ xj^sj^V-f ^ 

5<dM ^3C1 (Component encoder) 14 2°fl 44 Sfl^r^ s| c d i aA|f. ^ 3*«r^ ^*j7]ofl^ aj-o, J.^ev x] 

< S. 2> e^m 5-14 eJ«a«A| ofl t ^ ob,, < a 3> ^ g, 2CoflAl ^ ?1 



■4 21 



5.31 







2*FS* 


3^ ^d* 


Case 1 


xl,x2 T x3, ..xL 


yl,y2 p y3,y4 t ,yL 


zl,z2,z3, ,zL 


Case 2 


xl.x2.x3, ..xL 


yl,z2,y3,z4, ,zL 


zl,y2,z3,y4, ,yL 


Case 3 


xl,y2,z3,x4,y5, ,zL 


x2,y3,z2,x5,y6,z5,. ,yL 


3,yl 1 zl,x6,y4 > z4 > ..,xL 



471 < JE 2>?!<S3> W X^r Al^Elu)]^ ^ aH ,H ( Systema tic information bit) ^ -^f- 44^54. 

Yl " ° it ^ - 434 (component encoder) 12, 3fle,E| H, S (parity bit) 2, ^f- 44M,JL Zfe 3£<dM ofl ac i( C o 

mponent encoder) 22] HflelE, h|S (parity bit) 21 ^f- 44\fi4. ^, ^7) < S 3 > 142) Case l2l ^-fo)| 

fe- xl,x2,x3, ..xL* ^d* -^1 24 *d# 41 yl,y2, , y L, ZLelal 34 41 zl.z2.z3, zL* *d*4fe «* 2)n| 
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34. 33 Case 12] 3** Ji3 e]c d c d A|s] *j£o| 2 *f 3#43 ^1^1 <S 3 cj (component encoder) 12) 4a) 
Ej (parity)*!] -?3£)3 fl-g-f- ft 3 34. ^, 24 3£44 3 3 3 HI =14 &3 3.SLf-33 33=1 2 514. 444 2 
4 #£2] 3-f 44 Eli 3£47| (Turbo encoder)* zl, z2, z3...,zL* 4344 &.2.JH.3. E)i£ 3e1b]h 0 >o) A|~g.£) 
4 &* 34 K=4. R = l/221 33-?-33 2E (convolutional code)2) ^^-H c-j o|Aj-o| a^- 7|] Aj-g. ^ oj 

4. ^7, E|Ji 2H(turbo codes)2| 7)3 § oj 3 Hgflo] a)-o|^o|] «|e)|5).fe. e^ oJe^h) o|^o| afl^y - £ 

£* 2)334. **!)* 3-£# 23 7* 3^44 £4* 0)0- o||Ai t^S€4. 1^4, < a 2> 3 < 

a 3> <H)3 J±°H H 3* Case 2. Case 32] 3- 0 r°ll* 2)c d c d A| 2) 3£3 2 A> 3£44 ( com po 
nent encoder) 12] 5fl e] E) (parity) 21- <&3.tf (component encoder) 221 3]) B] E] (parity) 7} 3*4?ll 3Jl 

3*H4 3£3* 3 514. 443, 24 3*21 «M+E| e| a. *4*7l (Turbo encoder)* K=4 R 
= 1/33 EliL^-i^El -SI- 3*°fl o|«d 7*}. K=4 R = i/2S] ElJi 2E (turbo code) 2] 33* «|f^cf. ^, o] 3 
-°r* Eli 5LH(turbo codes)2l 7)3 g- 3*°1 3^ n^oj AfoJ^o]] H| S fl*)-^ ^- 0 ) ^|^^ -7 2)n|'34 

Case 3* 23 54 2:3 6* 3^44 *«r°S 3 3*3rr Case 2<H| t44°1 3*2] 4S)-7l- ^ ^ ^ °)4 
444, *J#3 S3 5, 236, 23 7* £* 3^4* Case 22] 3-?-7]- E^ (Turbo code) 4*1)4 x|C| - 7££ * 
3 SH (Systematic code) 33* 3*43 442) ^^-§- x]|£sv ^ 5)4. 



#4 £ 4* #243 3 ^2] «a 33 ofloj] tcfs. uj.iL ^i^H tfl*H 34.SL3, #71 £ 4<HH ilol^U 5ife 44 

3°) 344Jl7)3 7fl2] cisc-ii- a*i-tr4. 4) 1 7)34 (410)* 33 4a# 3*11 333 xflii23 dl3eKx)Sr 3 

— "-*'* c fl°lE-ll- 43(X k +Ext)43 #334. *U4± 3^3 (SISO Decoder) (412)* #7] 7 )37| (412)^3 
E^SI c-))o) E is>). -Aiev ^| 2S ^ c-flo)El(Y)# 0 J^4il, #7) ^ ^IeH c] a ^sH t^l?J-4. ^27^7] (414) fe- # 
7] ^)|lA)i: E) S n-l(412)<Hl 2l*H ^2^3 o))o)e-)$). Aj-7) n) H tQo)m 7}^rt}o] -faltl-4. 3E-)e)iH(4i6)^ 

#71 ^1243-71 (4 14H 2)«H 7)-33 c)) 0 1e11- 3^0.5. «W 3E-)e1«J-i- ^^34. tr3, ^)23i e) S c-)(418)^ # 
7) 3E)e)H)(416)<H) 2)8)) 3Ele)HJ3 nflo]Els|. ^132^' 0)4El(Z)t 5.S s)^ 3-7) °J^S)^ ci)o|E)-j. 
sH #^34. 433, 3^)5)^ 3^ c)]o|e1s. x, Y33 £)3 33 ^ia)^ cl3^^ (412)33 « 3 

3 all 24 ± ^sc-)j4i8)3 §-43 -1-3-2.44. £3. °J^E13 S3 ^I3e15.x3°1 €-^43 #7] *m-M± cfkc-)( 
412)2| f-zv* ?j-o ^ Aj- 7 ) ^| 2 A)i 32C-) (418)2) f-#3±5.£ c)57o]3.a)2) ^*!J33 33a^ 

3#3 42) 33 3 3 D J3 3 33 oj)o|) cci-s. h^^7|o)|a-|^ 7|)x)^a) x. y. Z2) a'S tfl33# ^3 
43 3^4fe 333 5134. ^, 3J:7)o)|Ai ^ x}^a) a ^ rflo|Eit 3343 3*3^11 44 33 ^113^ cUc-1 

(412)2)- 371 ^)24± c)SC-) (418)2) ^-33 oip o_ -y^o)] a) £ ). cl^cjo) .7^1^ ^ oj^ ^ o]c |. ^O?)-^) 

(420)3 371 *\\2*}± c] ac| (4 18) "HI 21 «H c) S 33 •H)3El5)-37] 3Ele) 3(416H 2)5|| 3E^el33 nl|o)Elf- oj 
«H. 371 d|3E)t 43SH t§)34. ^ll33Elsltt) (422)^r 371 xll37)37| (420)S.3El2l 7)Av|) cfl 
3El-t clojde)H 0 i33 a o V7, z]s .h« *|)233Ei e)»l (424)3 #7) ^) 2 4± c) 5 d) (418)5.33 2) 

•^2^3 3°lElf c)oiEle)«jsH t"^34. 3371(426)3 37) ^l233EU)>i) (424)5.3e13 c)3E)e)a 0 i^ oflc^ 
t £1 «rJi, 371 cioiEie)^ c fl o)Eii- 7^4^r til-l 332) 33 3334. CRC ^43(428)^ 33 3 
37l(426H 2|*H 3=g^i 33*21 °J^^5. 43 CRC 3A r -i -3^34. 33. #7] C RC 343(428)3 33 
34 34°ll 2)sn *H3 c-)I3e12) ? |) o^s. 1^4. »13)(430)^ 33 3371 (426)°fl fi| «n 333 -S3 
1-2] 05. 33 2Ja| xi^sj-j, a o v 7] CRC ^)A)-JiL(428)5.3Ei5) 7 c )a). ^4<>|] a]i$\ o])-e.] 7 y o. A , A j. 7) o U) 

^1342 33 331-, ^ 337MH 3#4^4 43 3efl ti|o] E i (Ui) s. f.^*}.cK 

333 £ 421 -?ii^c o a v - 01^ u . sf £ 0 , ^. oj aj a] o)hi 45 3^7]^ c)oj Eie1lH1 . jg.^ c)sto , 
^ cl|o)E^f. 3 |c .hhsvo^a^ u>4§H 4a>a<»l 3^3^ -3 3£-sj- 43 -^st 7113*1.4. 

33. 3£3 234 C313 a- 3^o]) 4^ ^ 2 » A A \ 3 ^v -A)\^^^^Ai o\^s] s?)o| 53 337)H-)o)| 

3-2.44. 

23 8: 3±2) 3^ A|o|] A)-^4^ H^oj h^^. Rlo) a ,j.o j oo| , ^^o. E])o)E£. 7)A|^ s = (High 

code rate code)3 33 3^7)^ 7>^-3) a|^e)u||eJ (Systematic codes)t 7)-g-sV4. 

443, 333 2313 3°J3£^ XI 2 3 X)333 ^3*^A'# 33433 333 33* 33 -3 34. 
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4*°S. S^f-^ £Ht 4-g-4fe 3-^1 SX°] ^£714 ^3-7)°\} tH*H £«3tt4. 

•fl£*l. R = 1/2°J £2=2] 3-f °M ^-Ji7|Sl £ SaH-H iLo|j7 ojo 4 R = 1 / 3 o] 2 

A <M £ 5a* #£*H R=1/2°J *1 3S2] 3-f °0 ojoj ^sUS. °JS| nfl°lEl^ S^H^I ^l^]^ 

510 M|*l 524)«H1 2|sfl £43 °5 x|<g f^^lcf. *)| 1 7)^7] (526) *r A 0 <-7] ofl°lE|Sr ^I2^]<a7) (512)5.YEl2) 
a]<3 dMElt 7Kfr*H ^127^7) (528)fe #7] ^171-^71 (526)21 #^4 ^13^1^7) (5 14) £Jf e^s] x)<a 

"^°lB|#7Kt*H #3t!:4. ^137^71(530)^^71 ^l27l-^7|(528)2| #^4 *fl4*1<?i7l (516)5. JfEl 2] x|<2 cflo| 
El* 7Ht«W t^4. ^147^71 (532)zr A o v 7| *|37K!*1 (530)2) #S)4 7H8*1<37] (524)5^ 2] *]«g c-qof^f. 
7f^«j.oj a)| l S c o ) d|o| El (Qj )3. #^ *>4. 

^157^71(534)^ A o v 7l <ye) nflo|Ei2l- *)ll*)<37l(510)5- ! r-Ei2] x|<a d)]o|e^# 7}*±^ #^*!"4. *)|67K]-7] (536) 
rr A o V 7) ^57^71(526)2] *e)4 A o v 7) *1) 2*1 <3 7] (512)5-^2] x] <g Di|o| E ]-f 7K+*H *e]tb4. *H77R}-7) (538) 
b A <M ^|67W7](536)2) #^4 A o v 7l ^l3^1 < a7l(514)5.- > f-E-lSl *)<3 cflo) E ^ 71-tVej.o^ i-BltM}. ^187KV71 (540) 
rf A c)7) ^177KM(538)2] te)4 *fl5*l<37l (518)3.-^2] x|°l cflo)E^f- 7^5^ tsj^c]. z\]97}*V7] (542)£ A <) 
71 ^187^71(540)21 #34 .^17^1 °J 71 (522) 3. -^El 21 *]<3 cflo| E -]l 7>t>*H #3^4. 4 107}^7] (544)^ ^-7| 
^97^71(542)2] ^7) W37)(524)5^-E)2l *]<?i HM^f- 7Kt«M ^l2S^ <HI°)El(G ,)5 #e]£4. 

A <M £ 5bt R = 1/3°J ^Hf-^ 2H21 ^ofl ojc^ ^Jr 7 )t- tB)i^, °Je) C-qo]Eife- 87|l2] *}<&7}%( 

550 tJW 564)<H] 2lsfl £43 °5 ^1 °! #ej€4. ^1 1 7 r A J-7) (566)^ ^7) <U3 E||o|E|fi|. 7i]2*l°j7| (552) 5.-"?- E-) 21 
*1<8 C H1°1^» 7l^SM $3 #4. ^1127^71 (568)fe A o v 7) ^17^71(566)2] #S)4 *1]3*1<37) (554)5-fEl 2] x]<3 
Hl°)El* #^#4. ^137)^7] (570)^ A J-7| ^127^71(568)2] ftsjs} ^7l ^l5^1«^^l (558)5. ^-E] 2] x)oj 

cfl^lElt 7HJSM *H47R>7l(572)ir A d7] ^37^71(570)2] ^I6^1<a7l (560)5^ 2] ^l<a uflo] 

Elf- 7M**M -f^tlcf. ^]57^7l (574)^ A o>-7l ^l47l->a-7] (572)2] #^4 ^17^1^7] (562) 5. E^ 21 4<S tflojEM 
7) A )-5H ^67K>7](576)b A J"7| ^157^71(574)2] #S)4 ^18^1^7) (564) S^-Ei 2) x]<2 nl|o) E ^ 7)^ 

*H 413.^ cflo)Ei(G 0 )S. t^?t4. 

^177^7] (578) fe- A o v 7] <y e) ci|o|El4 ^Ux|<g7l(550)5.-?-El2] x|<^ c-)]o]eH- 7fA>5).o^ #^^4. ^187)^71(580) 
fe- A o v 7l ^1771-^71(578)2) t^i!) ^|3xl<y7)(554)5.JfEl2] x)<g e|o]e1# ?}^t}o] t^tF4. ^97^71 (582) 
fe- A o v 7) ^187)^-71(580)21 #^4 ^|4x)<?!7|(582)5.-fEl2) x)oj d|o)Eit 7^«F<H ^1107)^4-71 (584)^ 

^71 ^197K>71 (582)21 #^4^7] ^I7^1 0 d7l(562)5.^-Ei2l x|<g c-)|o]e11- 7H>5}-<H t^*b4. ^117^71(586) 
fe- A J-7) x)li 0 7pj.7| (5 8 4)2) t gj 2 ). Aj. 7 | ^ 8 x)ol7l (564)5. 2] ^l<a c-flo|E]l- 7V>?+«fof ^2^^' cflo) E ^ ( G , )a # 
s)^4. 

^]127H>71 (588)fe- -y-71 °m c-))o]Ei4 Aj-7] ^ixl«347](550)5^-E]2l x)c4 tflo) E 1f- 7K}4«H #^*!"4. 7i)i 3 7fAl 
^l(590)fe A o v 7) afl 1 2 7R17] (590)21 #-^4 A o i-7| xll2xl^7|(552)5- u rE)2] x|<g cflo) E )l- 7)^1^ #^^4. *fll4 
7K>7l(592)^r A o^7| 4137H}?] (590)2) #34^7) ^fl5^l^^| (558)5^-E^ 2] x|oj tflo)E^t 7)^5^ #^^4. xfl 
157)^71(594)^ A J"7] ^1 1 4 7pJ-7| (592)2) t^4 A o v 7l 7fl 8 xlo}7] (564)5-*fEl2l cl|o]E)t 7)aj-sM ^]3S<3 
"Hl°lEi(G2)5 t^tb4. 



4-g-°5 ^ ^921 A J A 1 °H1 4€- 2:7^^^- ot^s^s. ^ ?d^^k 2E (Convolutional codes) 4 EliL 

3= (turbo codes) 2) B^JcIa) ^g>« 0 V^2] ^Ja) o)H UMTS 2] °)|o) <yE^]o]^ (Air interface)* 7|§ o 5. ^)|a| ^ 
4. °\m 3GPP<H] xfloj.^ ^,) 2 ^ ^| 3 ^*v tH^^^aio] ^^ Uo vai oflf. ,^4 0 ) ^ o. ^^o)|a-) xfl »} 

^ ?!*^12] -Y-Jl^ "gSHf xl^et- < = ! > 4 ^-<a*)4. ^, Rl-1, R2=l/2, R3 = 1/34H 7)^^-4. <H7l 
R27) 1/2C-14 *]^ ?l^ A loil ^r^^ <H]o)E-)4 24 ^^ A )<H| c-flolelf. *)*)*] ^ -f-J:^- 0 ] R2 = l/2«a* 

2]nl*V4. ae ]ji xi) »!^h.e1 n o|^o, A)oi)fe ^ Aj£)fe ^ cd c d A) t a,^ ^^ (symbol combining) R = 

1/3 ¥±<HS. u J-tH *1# R = i/3 sH^-Y-H 4±7|f- A>.g-«H 4i4 t>4. ^ ^^4^^°] 4efl2] ^^A^ofl^ 

^1 a^to)] 2]8l|Ai 2= (convolutional codes)* 4-§-4b ^-°r4 ElJi SH(turbo codes)* 4-§"4^ 
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^0.0, e]c d c d A| /jej^s ^ov-^cK -° r * d o| t 3GPPO,) a^s,^ EliL 5 ^ « rJ .^ 7) (turbo codes encod( 

r)S)- ^'if-^^' 2E -rA51-7| (Convolutional code encoder)2| ^2:^- SH*i£ uJ-S)- £0) £ 34 £ 5a ^ 



[ft 4] 





Event 


Operation for buffer 


1 


Receiving of a new data block (F 
irst transmission) 


If CRC check is successful, discard the received data blocklf CRC che 
ck fails, save the received data block associated with block number, r 
edundancy version 


2 


Receiving of a retransmission of 
a data block with new redundanc 

y 


Output buffered versions of the received data block for combining and 
channel decoding.If CRC check of combined data block is successful, d 
iscard all redundancy versions of this block.If CRC check of combined 
data block fails, save new redundancy version and keep buffered vers 
ions. 


3 


Receiving of a retransmission of 
a data block with repeated redun 
dancy \ 


Output buffered version of the received redundancy level of the block 
for maximum ratio combing.Output all other buffered versions of the d 
ata block for combining and channel decoding.If CRC check of combine 
d data block is good, discard all redundancy versions of this data bloc 
k.If CRC check of combined data block is bad, save maximum ratio com 
bined data block of the received redundancy version. 



5lHf- (Conventional codes) 2] ^i^H&l 



^71 S] <I5>~ SUf-^ 5>E.(Convolutional codes) AA*] *H*I^ a] e]^o}A] a} eh tg-^-g- i£o^j7 
SJ^K *fl€ 1 (Pattern 1) ^ 6(Pattern 6) 7 AA$\ ± 7 d 1, ^ 7 d 2* 7)1 ^^r"& 

4. ^d 7(Pattern 7)2] ^- 0 r^£ (X.Y.Z)f- < K 5> <HH Jt^x]ji ' Qo] ^ ] 

Z 7 d 2» ^^Tl] t^ftcK 4*r o)^oj ^^^cfl^s ol^^j- 2D Hi (Pattern) ~ 7 ]>a* 

"fMt * 515. o, f £ 7 J 34 ^ 4f . ^^o iM , ^o, ji^slcK Qff^ 5H(Convolutional code)*) 

^-t^Itt 5)1 € (Repetition pattern) *1W £ 7K V §\8L$ 3°1 (Uniformity) 0 ! 7)-^*) ^ 

7]*jo] aV4 5l|^ (Repetition pattern)*] ^M^M^ #4. #3°iH iL<3. a)o)] JjLAj X # 4*] J±MM 

tilr ^ t v (symbol combining) (uniformity) 3H8°1M 7f*V ^c|. Sflujrs}-^ X% c}-a] &\Jj\A] Aj-g- tJ*J- 
(symbol combining)^ 3°1 ^4 (Repetition cycle)?)- 3.° ^ ^7lf- 7 r *lH5. Dfree ^^MW 

A® f^Hr 3°|7f £n r . 6^|o) < a 5> ^ ^ 7(Pattern 7) o| ^^o)l^ ( X ,Y,Z)t zfzf £«-*H tf* 

*rrr 3:^o| of B| 7}-A) 7 r -^H o] 7 ]*\± ^ ^oflA-j <=. 7 fx] c^]f- j^oj £ ol o. o] D | * Vt+ 
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[3. 5| 







2*r 


3*r 


Patte 
rn 1 


X 


Y 


Z 


Patte 
rn 2 


X 


Z 


Y 


Patte 
rn 3 


Y 


X 


Z 


Patte 
rn 4 


Y 


Z 


X 


rn 5 


7 


v 

A 


Y 


Patte 
rn 6 


z i 


Y 


X 


Patte 
rn7 


A part of (X,Y,Z)xl,y2,z3,x4,yl,z2 ,z 
L^-cxl,y3.z2,x4,zl,y2,.,zL 


A part of (X,Y,Z)x2,y3,z2,x5 t y6.z5, , 
yL-?Trx2,z3,y2,x5,z6,y5 I .,yL 


A part of (X,Y,Z)x3,yl,zl,x6,y4.z4,..,x 
L^£x3,zl,yl,x6,z4,y4,.,xL 



EliL 32=1- (Turbo codes) 2] aH3444 



4^21 < 5 6> 4 R = l/34 El Ji 3H(turbo codes)<H14 442) 21134 a] E^oU] a)eh Mj.aj.fi. ^.o^jt oj 
4. °W4, 3H^d 1 (Pattern 1)4 ^€ 2(Pattern 2)2) 4*34 24 7* 444*1 M^lfe 2:3 7^ 

4444. t*. 44 3* ol^o, t^o^c: oleltb ^(Pattern) 4 444°5L*1 ^7|^*"-fr 4*r J o oj "a 
3 34 27d4» nj.^^o S *j <y$g aj- 0 ] iL^cK e]o) Cd A)t *J£4al4 44 g££ e^Vl (X Y Z)* 
44 £444 4444 4^1 244 7 r 44cj] 6>efls] <i 6 > -HHfe a f i07 r 4°l ^5.4 3^' 1' 
(Pattern 1) - sfl4 10(Pattern 10)* 4°U 514. 444 44 ^1-5^ 7* 4444 °ll#4 4el)2| < a 
6> 4*HE -^7|- 5)On^ o} 7 1 Ajfe J2 JE-^l -?Afl* o ^ ufoj^)^ o>oV cf 



[g 6j 







2A ' " 


3*r 3* 


Pattern 1 


xl,x2,x3, ..xL 


yl,y2,y3,y4, ,yL 


zl,z2,z3, ,zL 


Pattern 2 


xl,x2 t x3, ..xL 


zl,z2,z3, ,zL 


yl.y2.y3.y4, ,yL 


Pattern 3 


xl,x2,x3, ..xL 


yl,z2,y3,z4, ,zL 


zl,y2,z3,y4, ,yL 


Pattern 4 


xl,x2,x3, ..xL 


zl.y2,z3,y4, ,yL 


yl,z2,y3 t z4, .zL 


Pattern 5 


xl f y2,z3,x4,y5 1 ,zL 


x2,y3,z2,x5,y6,z5,. ,yL 


x3,yl,zl,x6,y4,z4,..,xL 


Pattern 6 


xl,y2,z3,x4,y5, ,zL 


x3,yl,zl,x6,y4,z4...,xL ] 


x2,y3,z2,x5,y6,z5.. ,yL 


Pattern 7 


x2,y3,z2,x5,y6,z5,. ,yL 


xl,y2,z3,x4,y5, ,zL 


x3,yl ,zl t x6,y4,z4,..,xL 


Pattern 8 


x2,y3,z2,x5,y6,z5.. ,yL 


x3,yl,zl,x6 ) y4,z4... ( xL 


xl ,y2,z3,x4,y5, ,zL 


Pattern 9 


x3,yl,zl,x6,y4,z4,..,xL 


xl,y2,z3,x4,y5, .zL 


x2,y3,z2,x5,y6,z5,. T yL 


Pattern 10 


x3 ) yl,zl,x6,y4,z4...,xL { 


x2,y3,z2,x5 r y6,z5.. ,yL 


xl,y2,z3,x4,y5, ,zL 



444 £ tfflSI £Sf* 4444 *H4 3, 44 4-§-£|4 44 4444. 4*14 ^ 2 £f 4444 34°fl 47] 
< 3. 6> 21 4* 3H<ai-2| 444 ^l^s^]^ &^c r . o]^o\]a] o}^$. ^ zvzvo, AH , # o J?! . cflo)El 

14 37|f A}£tyt *|2 4 ^1344 *fl44%4°11 4*1H 454 244. ZLel4, 442) 7H34 ahi a^ 4^. =, 
7|s) ch|o|e1 t4 344 4444 *U2 4344 zH?!4«IP-=H) 4*1H£ <a4£]£4 W $H4 444 2:4** 

34 4 4 514. "ill 44 Rl =3/4, R2=2/3, R3 = l/34 44 442) #4^1 a o Vo|«). cflolel -as. 37 |i aJ-Jsv - 

44. 4. 4S7H1 oj^sj^ tfl oi El H7|l- L ol4s 4 H. 3£ i^ei t4 37l^ (3 /4)L 4 4*^44^- 

<*°HM 44 H7|^ (2/3)L. Ml 4*H ^]o|El 3 7|^ L4 444 4 44. 444 4 3-°r<H|iE Rl =3/4 R2=2/3 
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R3 = l/32] 44<H] ^O] AJ. 7 | 3.3 j 27d?o) o)s| _ %kAoVA|?]7) ^ 

t 4* SM 4^4 £4*4 1,^] 444 *H4£ AH 4*34 5.= ^^ ^30. 27Hc>] _ f 

Aj UV^SJO^O): £C|, 0 )S - AflA|*V ^7jS # *jq^S| o^Jo, t OjA] 7> ol.fi. - 0,4 

^£■§-21 4«H 44 4*44 

44 4ii"44£4 ^ 2 % *fl3*4 ^^^^^ 7^ *£4 2* i± ^o|Ei ^ofl cfl^Ai 4* 4*4^ cflo] 
3 1-42] 3.7]% OH socvs)^ h^o.^ h ^ ^ AH) cflo]El H7) ^ ^ ^ 

42*4 f 2 2| 4344. o|* n «. £ (Mother code)2| 4£*4 R = 1 / 3 o| 2i 3 a)o, ^j^, 7 ^ sV A] 

± E J* 4*i 4*$ < s. 1 > 4 to) 443 4)4*<>ll ccj-s. Jfji-ir-i- 434 =^ °}4 -^q. ^^o] 
J£44. o|e^ A o v %<H |Ai 44 j^o, Bo vaj^ i7) ^ #(R1) ^. i3L oj£) j Q ~ 

* -¥-2*3. 43*Hr 44 4.2.44. 2B4^, »v°j ^ 7) jfjr* R1 = i. 0 °i 3*°il4 ^ ^ 

&* 43C)H Al^efl (Uncoded system ).§. a]-^.^ 744 nf^7H7> £4 KfeH *H^2l a 0 )-e))7|- 4^ ^-o 7i 0.4 
•»Wa «1I¥#S1 4* 4* 4*4^r cflolE^ *4* ^4-S-4f4 14 7flAi** o^ H - A j s , 3^ 

A|* 4*H Af**M 744* R2S] 43l** 44 i^^^^Hf. A^afl^nj. .| f ^Ajg H Aj^xj C S -A) 7 ^ 
4. °)^r 7]^-2) o. S *IbJ*«1 50%* Slu)thcf. n e1 u}. o] ej ^ o. aJ^s]^ jf^o, « J o. RJ 

°l i.0Ji4 ^, £#33 ^^o] ^^fts^oflAis ^^AjAj 0 , 7^*f4 *|el*21 #7># 

■8- =r aJ4. «»Je1«- °| -S-oflAi 5l.7lS| £?i o| " 

£3 9: Jf-iSI Rio] R1 < 10 # -V^sH. *1 cfl a^^o, * V 

0^]A it ^ ^e|^S) A 0 Ve V# ^go, a Ve1)7V D|) o ^o. ^ s/No] D „^ ^ ^ % 

ris. zmn 44Ai oi at* w aw] m*\t n^m ri# i o^i 
n°\ 44 *)% m m% *^^n S 0) t a m4m 43 ^^°» a* ris m. 

4t^H4# ^4 II/III4 ^«o)) 4€- Aiaj 

31 m*Mt ^-J*%4* 4^-4^ 4-^44 ^# ^§ (symbol combining)!- 4^4^ ^34 ^)l ^|2 

SEfe ^I34t, v 44^r1KM)4fe 4^4 cflo| E i f-44±^<HI4 £#3 3^3 4s44^ ^el 4^4 

7f^Aj a^sj.^. ^=-A^^« J- 4^717]- Af^-El^fi]: Aj^o) 7flAi=)4 ' ' ' " 

5:4 10: Ib'-g- 1^- (symbol combining) -Jj-i 4 (symbol puncturing)* A r -g-5>^ f- 4 4 ^ ejj <H) a^ a}.^.£) j=. 

^33-fi. 4i4^ aH^£] -t43-Efl» 444^ 44(-fla4. -D^sj s/n. Eb/No. Ec/No, Ec/ior f-)4 4-J^4 

4^°oH' 41- 444 «SHI ^ 4 4tt(less sensitive) 4S*4* ^14 4Jl4* 7^ah Af-§.*|14 44. 
54 11: ^12 4 Afl 3 4^ ^4^4-1- ^^4^ 4-^o]4 ^ 3t ^^(symbol combining)* 4*4^ ^34 

Jli, ^12 £^ ^))34th *H4^±HHfe 7>^ajo)^ 7 )^s| f-A.AjA.EfloiiAi A^* fe £#3=a-fs 4^71^ ^fl^s, 

-r44E«# ^1^144 44HS4. ^H^4 S/N, Eb/No, Ec/No, Ec/Ior -^)4 4^^j4 ^S^H' Sife o)# ojAfSl « 
4°fl c a 4 44 (less sensitive) ^Jl*^* ^14 4517)* Af^-sHo^ ^4 

4-7)3] f£44 a)-*4^ o] o. ^ 4^.4 

443 »i £#334J: 4£4 b 444 < a 7> 4 44 ^fl^s) -44431* 4-M44 44 H 5.4, ^2] 
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S/N, Eb/No, Ec/No. Ec/Ior •§-)# 45144 4^14 2)^3-2.3. 4444 x)2} o^<H] aj-ef °H| f^*)°J 4^7)2}. 

4334 J*-£7|£Aj ^.g-g ^ ojc).. a uH «jr AJl-pfcl- aflvda, Aj-Efl^. 21*13 o.£ 4i7l7|- Al-g.^ 7 |. 

2) o^«o)| tclg. -7^o| 7 r ^44. £EfJ, 5 r 4°l < S 7> 4 4°! °U14 ^H^^EH^-H-^ 427|7l- 4£ 

4* 3*1] 444 *fl«l 4*1 4*844 i4 <34434 4*1 (Branch Metric: BM) 7)1^4 

4°J44. «l* 14, « r 2H <17>4 44 ^H^^Efl^ Jt«=fl t434 4s7]2}. ^^-^Efl^ii ^a|«a 

^7)21 BMS| ^4^5) ftWg* £44. 4313 < £7> ofl^ ul,u2 ur4 444 -^£4 4)-|~§--§- 4 

EWM Max 04 Min()4 44 4* ~3 4 cfl £Efe 3) if - 44 3 4 $4. £4 ±4 BM3 =^4<H| 44 + Slfe -7 r 

42}34 4-§-t 4 SI -§"§- 3444. 44°.£. o ^ (ul,u2 ur)3 445. ^334 5*44, f (channel informati 

on)4 *H^3 444eH1 *14*Hr 44<H| 3*IH axjgv-s o| D)t _ Vc i 



Ig 7 ) 







BM = Max(ul, u2, u3, ., ur)orBM = Min(ul, u2, 
u3, ur) 


BM = Max(ul, u2, u3, ur) ± 8 (ul,u2,u3, ,ur)f (Channel information) 
orBM = Min (ul, u2, u3, ur) ± 8 (ul,u2,u3, ,ur)f(Channel informati 
on) 



°fl£4 44*)| *flgtfeH$JiLo|| 4334 4±7)-i4 ^^4EH^a.<H| *43°J 45i4f-3 oflf- .;L°?c|.. 



^^^Efl^iLofl 43 34 4317] : Viterbi decoder, SOVA (Soft Output Viterbi Decoder), RE -SOVA (Registe 
r Exchange SOVA), Max LOG MAP decoder. Max MAP decoder 

* ^4 Efl^iioll ^434 4 £7] : LOG MAP decoder. MAP decoder, Sub LOG MAP decoder 



^4efl3iL» *fl444 3-°r D| -° r ^tl ^]?-*>4. 471 < a 7> <HH ££4 ^Aj-efl^jiofl f^*o} 

4JL7lfe- 7 r x) DflEfe] (Branch metric)* 44tt 43°1H D H 444 43:4 "i)-g-<H| *H43^r *H £4e|]3 i±°J f(Cha 
nnel information)* Af-g-^4. ^4 444 o| °-_ oflf. S-o] ^Jf- 2)*V( symbo i combining) a)^ ^^( sym 
bol puncturing)* 4444 4 <J a] ^ Efl o] ^Ydl020010107646*^ 3 443 43:4 4)1-4 ^Ajoflul x|7 r Z]-7) c r 
«• 34 *«a« *H^4Efl 4344£ 443 «f^«- -<f£4 4)*°)| *11434 i|^^4 ^11^4^^^°] f(Channel inf 
ormation)^ n|| a| 7 J ufvl 7f| n}.^, ole^V ^^4^11 ^447fl (Estimation) t ^ SJfe ^*«flfe- 

^s|sj SH^AJ-Hjp^^ £^30, ^7]# a^§^ ^Jo! c) ^ a^-. # ^H--^cK oflf- o (ul.u2.u3, ,ur)Xf 

(Channel information) S): 0 ! Max(ul, u2, u3, ., ur) H.4 ^44tt ^-f°)lfe- ^-^-7l- 1>^5)-7ll gcf. 



5E4, ^)12 51 ^)l34th ^fl?i*^^l* 4^-gV^ Al^Eflom ^-^ A, t l*v (symboI combining) £ A}%t}± ^r^=l ^1 
1, 42 a A ^^^^^,H14£ ^4 ^^| 7 f t A fit>4. 4, £ 9°flAi Jife- ^JH^ zfZfSl -^4 AjfoJ el) 

44^ 44 -HIMa]?!- sl^ofl ttj-efAi zj- 7 ) cfs. ^4. ^^-4^1 «-^44£ 443 ^a)£ ai^.^ 

Sfl 434 Sl^^4 ^^4EHAja.o] f (Channel information)^- °H a) Q h>^t)| ^Icf. av 7 | c a-sv^x}^ ^ a] ofl 

4 4^4 ^)41a| lio^^jT 0,}^ s^oicK 



44 A 1, °|ei4 ^H^4Efl ^i* ^44t)I (Estimation) t 4 £4 ^-f'Hlfe ^421 ^^4E« ; 8a.oll 4^<sj<i] 4 

S17l# Af^-5f^ 5Jo| Oj Uf^- AJ-^. ^l^eVcK «^?jo £ o|^eV Al^ ^0,0] ^uixl ^^f- 21-7) 4=7fl 

44 44 4<a4°fl °fl-°r 4 *«B ja.°ioi ^cf. 



44<>fl 44^1^3 ^H^4Efl^iL«Hl 4^^!4 4Jl4s1 a^a ^^^EflAj M on ^^^oj ^ 7 |2| Aj^ofl h)*h 4€t 
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S/N°J 3-f°flfe- 4±2| X\o\7\ oj cpufs/No] f^sf'S -S^Mfe- >\S\ ^4*] °^c)-. simsl-^ s/N°l 

^443 .5 (ul,u2,u3. ,ur)& 4*fl4 °fl- 0 r 443 A 1 14 0<H) 7^|-^ D;o| £|7| ufl£.o|cf. ccfe^ ^| ^.g. ji^tj- 
lt H *fl^2| ^^ A o v efl» ^l^lsffe- <y4(°fl.S.4, *fl^2] S/N, Eb/No, Ec/No, Ec/Ior f-)4 ^3°! ^i^A' £^ °lf- 
<?]42| £SH "g D J4*I(less sensitive ) *1 >d 4Jl7|1- Aj-g-s).^ t^o) 



^-th^H^* ^14 2^*}- 41,^3* ^11/111421 431 ^ ^£4} 

E 74 £ 8°)) *)]24t *fl43^4-§- m?}^*) 3GPP(3rd Generation Project Partnership) UM 

TS2| o)|o] o]El3)hl^(Air interface)^ 2} ^-g- iL^cf. 4?) £ 74 4?1 £ 82) 4-§-4 ■S^r^r 4-§- 

4 24. 

(D Transport channel multiplexing structure for down -link is used according to TS25.212 
© One TrCH with one TrBlk: (@ 24.8kbps, TTI=20msec, TrBlk size= 496 bits) 
© Rate matching is not performed for simple analysis. 
© Channel model: AWGN 

© Channel decoders: Floating C models are used. 

- Convolutional codes: Viterbi decoder 

- Turbo codes: MAX LOG MAP decoder 



© A simple HARQ TYPE II protocol with 3 steps for incremental redundancy is as follows 

A <M ©SI £^ofl cfl-g-sf^ s.^ 4?) < S. 8> 4 £4. 

l$- 8] 





Event 


Operation for buffer 


1 


Receiving of a new data block (F 
irst transmission) 


If CRC check is successful, discard the received data blocklf CRC che 
ck fails, save the received data block associated with block number, r 
edundancy version 


2 


Receiving of a retransmission of 
a data block with new redundanc 

y 


Output buffered versions of the received data block for combining and 
channel decoding. If CRC check of combined data block is successful, d 
iscard all redundancy versions of this block.If CRC check of combined 
data block fails, save new redundancy version and keep buffered vers 
ions. 


3 


Receiving of a retransmission of 
a data block with repeated redun 
dancy 


Output buffered version of the received redundancy level of the block 
for maximum ratio combing. Output all other buffered versions of the d 
ata block for combining and channel decoding. If CRC check of combine 
d data block is good, discard all redundancy versions of this data bloc 
k. If CRC check of combined data block is bad, save maximum ratio com 
bined data block of the received redundancy version. 



^ c d^7l A}E«Jif 1§ (Redundancy Selection and Combining) 
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^)|24th *\%i}7) flafl-H £ 6a £)• S. 6b<HW M.°1*U °1tt 42I- £o) £+\7]o\] a| ^y](Red 

undancy Selection)^ 7^71°)! 4 e) cjcj a| 5. j^e| 47) ?) 5)/^ #7) (Buffering/Combinin 

A o^l £ 6afe- £ g'gSl *H24*& ^H^*^^«H1 4^ -72:21 <y <s]a| oj]f. £.0^3 oj.oo) a o v 7 | £ 6b ^ a. «v 

^2] *fl24# 4S- 74>7] ^2:2) <y eflf. iLo^i 014 



A o V 7| £ 6a-t ^S^, -T-51SI-71 (channel coding) (610) rr 3*5)- IL*)- i\t ^72) 4>£ 3.*3 ^of) 

2)5)1 *Hg ^^t>cf. a)^*) -^¥-(612)^ A 0 V 7| ^ 23 € ^r72) cflo)Elf- 44-2- 7 |)^s -g-ll-sU, 

3# .2.7*1 44 A oM -S-tS cfl°|Eli-t ££4<M ^51 a|)43 $|*HH *}£s}-4. ^ ^7} e^oU) a}' 

^¥-(612)^ 23£ AWf- 4tf ^fl^^H 21*0 e)]o)H 1^140} #34714 ^4. J«ia***W s|*ll zflo) 
S °B%'5H #3?>-4. A o v 7| bH3«*I -a«!-¥-(612)fe- ^¥-(614), 4t ^£$4 efl°m *!) ^ -¥- (6 1 6) ^ ^ ^ 
eflo|e D |]3¥-(618)3. 7^£4. #7] *!?«-¥- (61 4) A j7l <^ ¥-3l47| (610)3.¥-<H 2| ^ s<3£ 4^ 
21 t-)|o]£^# .^2^U- *H*!£943 4£ ojJjLofl o,^ aJ- 7 , 4|*)^a1 Bfl olE n^l h.( 616) £c fe Aj. 7 | oj w j ^ 

2^^! £11°1M -¥"(618)3. ^$R>44. AJ. 7 ] JiSV z|]x]£^A] EflojE D fl^j=!. (616) ^ AV 7 | AjE«a. (614) ^tL El 

2) t]]c]^s. 44.2. ±% 7H-73. -g-^42, *1£ a) 44 a o v 7 | cflojEli-i- f-<y h|-§-e. ^«J-*H tf£ H|) Ef 

3 3*1°)H #£*!:4. A o V 7 ] OJUJ. T^j^A] eflC ,)E U|1A 0 )^.( 6 18)^ A}. 7 ) AjE«H. (614) ^^El2l Cfl0)E-lS.^. Oj H J ;<]];*} 

£<IAM1 218)1 ##44. 



«K A o v #4 £ 6a<>IH£ Ji^lJL 51^ 421- 7 ^°1 ^^2) ^124U- ^^*^^°)] 4§ #aj 7 | ^. A(-g-f- AH^^sj-ti^l 
2)5)1 cfl°lEit ^l|24f- ^^^5j^l^.5. ?!*^i4 o^Jhv 7l)^^sjA, o.^ -72:f 7 (-^lcf. 



A o v 7l £ 6bl- % v £sl-'a, eloj«a A ) A lS)¥-(620)^r 21^ 2#£)^ cflolEit 4t ^ x d*^^o)l 2)5)) eflo|E D | 
"fl^'-l- -7*5^7-14 <a u j. zii^sjAiofl 2lsH eWS c)ufl^^- -^^tl-cK ^7} el-acjA) ajeh^ (620 )^ ^^l °A ^7] 
(624), 4t ^H<a#^^! iHMJg. c1d|)^y.( 6 26), °J>i!- ^D^^sji] eflo)E 0)0^1^(622) % ^¥-(628)3. 7^^cf. 
-S-7I u)3l ^ l«>-7|(624)b ^J^£l^ tlMEli--!; ^mn^L, ^7\*W ^^£)^r cfl°lElf-2l el <y<2 a) ^-« r E-l 

7^?VcK aj. 7 | itsv ^Hxi^sjAj Efl o|E c] D H^'¥-(626)fe- A o v 7l w)5l 51 ^«)-7)(624)S.¥-Ei2l cflo]Ei«H| cflsfl 
4t V ^^1**1^0)1 «)•€- e)|o|S C)d|)41^- 7^*1-4. <ya} ^^^-SJil e)|o|E nfl^-« r(6 22)^ ^7) ^H^i^s)^ CJMEli- 

°f) C N) lift ^H^l^^^H) 4€- h))o)e D |i^i^ ^*g*v4. a o v 7) a|em^ (6 2 8) ^ a o v 7] jisv ^^^^aj e^jE D fl ^1 ( 

626)21- A o^l <a>L> ^^d**^' 2fl°li= °H^7(622)S-7E121 ±?l^*Fc)-. *V3j, a q ). 7 , a) ejj « (6 2 8)o1 | o,^, aJem 

t^Slir Hl°lElfe tlS^ -¥-(630)3. oj7f£)ol *flvS c) 2 ^s) ^ t^€4. 



*))24t v ^ll^^^^H) 41- 4^2) xfl^^ ah a)-^£)^ ^^-21 0= j ofls. j^o]^ 4 7 | < a 9> 2f z>4. 



)J19] 



Code rate 


First redundancyversion 


Second redundancyversion 


Third redundancyversion 


1/3 


1 


1/2 


1/3 



S-^nHI Aj-^ft ^E)^- (Throughput) < j > 4 



Throughput- -t-*J*!y>-Z?ZJ^ r/# 7>-/?/^ 1 1 
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£ 7°1H iL^U SJ^o) *fl24th *ti*d£*jH (HARQ Type II)-§- £14^ 2^ (convolutional 

code)2) *]5]-§-£ 71^51 *\)2%S zH^^HI ul§H A o v % v *b f^f S.^JL Si 4. °ti* *<H4 Es/No4 0.23dB 

°d «^H2i ^i4«h *H?l£ 4Jl-§-°) R=i/3°)£L£ sjcfl ^e]-§- 3 3 o /o f. ^Bj-si-x] ^*>4. ne]4 *]|2 

4t ^d^fA' (HARQ Type II)£ 48%t afl-^U $*-§"§■ -'f 5U4. 4*1. Es/No7f *]e|-§-£ 
^4*H Es/No4 7.23dB°d ^"^Utt 4 90%$] *]e)-§~§- iL°i^ 2 °)4. 3E*h "Hid* 5^2] 44a] 4£ 

Es/No«H *je|-|-o| £44^ 2# <£ ^ <U4. 5^7V ^7f*^4 *]2]-§"£ ^7 r £4. °]7|A] A|~§-£ 5 |-Ef D | 

E]^r 4^1 < £ 9> °)H ^.0^1 il 21 44 £4. 



[S. 10] 



Channel 


AWGN 


Information Size 


496 


CRC 


16 


Coding Scheme 


Convolutional Code 


Code Rate 


1/3 


Rate Matching Ratio 


1.0 


Information Pattern 


nun .. 



IS 11] 





IdB 


5dB 


lOdB 


XYZ 


2.79e -01 


4.98e -01 


6.80e -01 


YZX 


2.86e -01 


5.00e -01 


6.94e -01 


ZXY 


2.87e -01 


4.98e -01 


7.04e -01 



A <M < S. 10 > »1H iL^U Sir: 145* go] (X,Y,Z)£] >SSH 44 A ^S1 4°)rr 37fl <r 5U4. 



£ 84 4 «a ^ a] ojHi 4« ^24« *«S!^«4* 4~8-4fc- r=i/32] e]i£ l£2] *]e]-S-* ji<H 

? r2 $14. 



0.23dB°d *)^MH ^^sl *fli4^ *fl*i£s<H4 4Jl£°1 R = l/3°|Ei m ^sl-l- 33 %# £4*1*1 ^.^4 ^ 
4 4 tt«8s) <y *Ja] <HH] 4£ *ll24t (harq T ype ii)4 48%4 *)l#4ui sa*# 4 014. 4, Es 

/No7] ?7]-4<S t44 *]Bl-§-4 444°] Es/No4 7.23dB°d 34°flir 4 90%2] *]e]-§-§- 5Lo]^j7 Si 4. SEth *H 
34 542] aflS-ofl 44-H #4 Es/No°flAl *]e]-§-<>) #44fe. - ojcj. 5)^7]. ^7 r ^4 ^e]^ 

?7>*14. Ci-fo] Es/NoS] ^ o r ^j.g^^^ i2- (Convolutional codesH »|*H E]£L 2 H (turbo codes) 
7^ C] S^r A]e]-f# Jiojcf. ^ 8&1 | «fl«g-s|fe- 145- -f 2]7]- tt*H a^s^ oi^ ^1^^ 2.E(Conv 
olutional codes)^r ^Al^Efnfl^ 2E (Non systematic code)°M. E] M. 2S(turbo codes)^ a1^e]d)1e) 3 c (s 
ystematic code)°l4. "HM "^^ Es/NoS] ^-f E] a 2H(turbo codes) 4°1 ^^^^ 2E (convolutional co 
des) 0 !] H|*H c] fe€r ^e]^# JH^jI ^4. ^, Es/No°d ^-° r ^£ E]i 2H(turbo codes) ^>Mf-^ 
^ (convolutional codes) °fl «1 *H C] *Je|-§-8- £Lo]^i SJ^- 1 ^, E]iL 3H(turbo code)7|- -72:2j 

2£ (Systematic code)°|7| ufl^-ofl ^-^Slfe- °I4°14. 



t^2] JL3] 

A o v #t!- 44 4 t^^r cflojE] ^-AiAi^efloj ai £ ) £ s. ^av a) ? j ^ uJ . o] .q^ a-jej-g.^ 7^5].^ 3:47} °)4. 4 

4^1. t-)|o)E] f-AjAl^EflS) Aj- 7]|^A|^ ^ oj ^ ol^AlAl^Efls] Aj - ^ 7flAjA] 7 ]^ £44 o)4. 
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(57) 3721 
37t 1. 

L7H^ ^iLUlES-Oj <X± ojej^ L7||2) ^ H |E|^ o iz} ^ 7] 3ji H ]E t o)| A-j^n; 27)j o, u) £ 

f-2) M 7flS) g^* lH8*KiL ^7} UfleiE) H1.ES.O, 2V oj o. L7 „o, ^ ^ e| „| e|o| -V-517|s. 

5)2: Xl^A] AV 7 ] Elji «^7lO, ^ 7 , ^^-0| ! Olsl-OU, 0|0|| °|*fl *i£U|ES.O| ^S. Njo)^ SV Hfl 

L7H2J ^an|M#2| £4. (Nl -L)/M°l| W *p 7fl£) ^f- *W°fl S)*H 33S|fc J^eJ hIes-o 

A <M *|± ^iLa)E t2] a) - Ajo)| ^ 7|) ^a, av 7 , e ^ «^ 7)£) 7|] « .^ o) , 0)s j. oU <> H 

o )8fl ^ H)M¥2] ^ N2 ^ %v ^ N2/M<H) ^ 7))s] ^ ^ « JjSlfc. BflHlEl ale 

*-§- ^ S^E] H|E t2) <g = # ^^o. o £ ^ AV 7 , HMjj 

3) 7^2. 



^7] 4|± X}^A| A}- 7 | H^^O] AV 7 | £ 7 | l<y Ufl A o V 7 | L7fl o| *j £ a]ES.O| ^ ^^^J, AV 7 | 

3i *J*S] =8Ji HlMSSJ tt) ^Aiofl 4a ^ o_ 7 a| a o v 7) nm „|e t o| <g t ^zVo^«Jc, l/ M <H| sjafl 3 

«S|fe 7fl^£] SflEjEl H|E£ S L7fl2) jflelE, H |H t o| «g£ o| = o) 4=8* C) ^a, o £ Sfe A> 7 ] 



$7#3. 

w *i± a o v 7 , Em ^ 7) oj i7] n)e) ^ € AoV7) 

* sHr ig-ig. * 
^7^" 4. 



^7^-5. 



7H72] 5l)e)El H|E ts ol^^i S)ME) H) e #a , « # ± ^ -f s^<H| j«« l^Hlfe- 7||-t?M)-LH 



r i , ^ "i.^a-d ^-o' -TSLZfg°\\ 5H -1-3^1^ 7|| -r (M) "L^ 

Wfe *H3£ *^^±Efl < H|Ai AJ-7, ^ B|If o| o^ 2} . Aj-7, tt|| E) H1ES.O) 044=.^- 



^1 *J4H A 0 V 7] 2|) 7 ^ 5-0), 0)5,) £ 7] AV7| ^^ sv AcJ . 7l 

3i7| aJ^ Jf^SI-^o)] n^ej. Aj^^ 2,71 cflo|E^ ^«H£ ^7) ^ JiHlS^Sj <i# 3E«-*£4 *H ^^^fe ^ 

7 1 -Si^ 2 !-^ 2J-, v " 
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W ^ ^jA|AEfl0 1!fEi2 ) ^ o. 7A , a^] ±JJj xJ £ #7| , H 7 ^ 5 - Rl , fl 

$»^<* 2)*1) *H -fSSfi-i- I^sUl, #7] #7] -*f-m%<>\} 4ef ^fl *J£sp- cflojE-) 

#4°! #7) Sl]e)El B|E£o, oj= z^o) aJ 7 ] ± ^ 7 „^ ^gjg, ^ g^jq ^ H|E ^ # ss . # 

a|#S. *M *d$$yt *H £«-«-S- ^ £i *^ #7) #»J. 3 
6. 

*1|5%H1 5i<H-H. #7] ^7| ^^4^ o. 

#7l A o V 7| ^71 -f %o] l*]tY°)<& o]o)) ~o)x] t ^}^H)E f-o] NjolBj. %V „fl aJ- 7 | L7|)0 | 

=8JlH|ef S| ^ (m . L)/Mo) | 7 ^ 5= 7fl2l xj-S. - oj^ S^Slfe. S^E) ^ 7 ). x)i=i ^gj 
El H|Sf S| #7) 2:7| C^E-) #sfi J^tf* 43 o a #7] 

*fl5#°1] SW-M. A o V 7) S7l #£2H§£, 

#7| # 7 | i7 ] ?j £ #G | JOl^ #7, L?]]S] ^ „,E |S) <g # Ao V 7] £ 7] tflo)El ^ 

* *W±SL Sfe #7] #»j. n " 0n 

#^1 o-?a] av 7 , ElJi .^ 7 |o| ^ -f-s^oi ! ojsH^ °H s)sH ^<>Mir 3£ h)e£oj - # N2e ). 

t »|| N2/M«fl ^ 7l)°| ^ sKH , ^x)^ ^j^e, zj-zj. 7 ^, fr 2|) 3 g, u| E 4=- °|" <* = .2. 

^K 1 ° 3. #7) #>g. - - * = a 

9. 

*il7#°1) flM*), #71 *fl 

#7| *U J^A) a o V 7 | ElJt «jr 7 |o) 7|1 i^-g-o] ,o|^ a o V 7 | M7H o) Aj-7, 3|] ^ E| h |h^o, q1 =. zj-zj-o^ 

El 21 L/NH 2l*fl 1^£]^ 711-^0] sDe,^ H ]e§ a L7 ))o| 2He)E) U1ES.O] oj^. 0 j ^^svl at ^ Aj. 7] 

^-7%'- 10. 

#7] ^7| xj^ -Y-s-l-^ d| & 1 #7) E^Ji -" r £7|S| *| cfl ^el#»ll £|Sl| 1 $ #-§- ^^'^5. Sj-^ #7| #»j. 

^T 1 * 11. 

^|8%H| H«H*i, 

#71 #7) ^71 1J14 1<H1 5jt«a# s^o 5 a o v 7) ^ 

12. 
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cflsfl A cJ-7l 7fl^(L)£l sHelEf n]m%3. °lf-<H*l A J-7| 3}|elE] u)e.eo| ± ^ 4| £)sfl l^EHr 

2:^1 £7| CflOlEl 2j<H£ A cJ-7l ^WlSf-Sl iSV^S. gj.^ _ aV 7 | - a| 7 | £ « El o] ^ 

13. 

l^tb ^7) -Y-^^^-H] £l«H ^sH^'-l- ^3^-5. ^7) 

14. 

*)]12%M1 $1<>H. 

A o V 7l xfl cflo|Ei l-S.o)l ajsfl 7f^t> 34r alSl-S] ^ #7| ±$ 3* *f-5L%4rH ^7) 7fl *1£ 7^ 

15. 

*fll3%H| 5i<HH. 

^7) ^^t> A o V 7] i7l *1£ Jf Jl^ fco) 10| Sf-oj^ °H ^<H^|^ ^7] i7l cflo) E 1 f-^Ld) 7j^ H |E|o| -s. 

Nlo|ef $ a)) Aj-7) L7|)o] ^ au) E£.o| <g 4 (N j . L)/Mo )| 7 ^o. c 7flfi | ^ g) . uH| ^ ^x^i, 3 ,|^ E , 

16. 

* 13*41 5iM A -), 

^71 ^^^} #71 2l7] ^-515} -1-°] 1°)^ A o V 7) H]E§2| <g-§- A o V 7 | cflc]^ «S.o)] ^ sfl 

17. 

^114%HI 5i<H A i 

^] o^afl Ai^^^- £>go s %y± av 7] ^| 
18. 

*1]14*<MI 51^ A 1, 
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s)b 7«^s| SflelE) H|E fl L7H o| 5||e)E , U | H^oj ^| oj^o! J*3 o £ ^ AJ. 7 , ^ 

19. 



^7) 7H^2] g^E] «|IfS ol^oj^l S^E] HlMf-o, .go. ± ^ xJ £ ^i^oj Jsfl |x js) ^ 7 „- J" M)U ^ 

ifl^^a^eiSl a o V71 3«±«)J=#21 <M4^7l B^El H|E #S] ojgj^j, i7| ^71 ci|o)e| 

°1 3|<H£ aV 7 | ^JiblESo] <£± SH, AV 7 | ^AJ^^E^ 7fl o: ?A , D J. 4 7 „ x ^ cflo)El 

«1 A <M 3|| El E) HIES °] «ai- Z^o] AV71 ±$ 7H^2, 3l)E } E| „,e| - g^*, g£ ^ ^ £) ^^o. ^ 

^7) *7] i^^S^S) AV 7 , ^jialES-Sl AV71 SflejE] HjEf-o, <g t# oj^^ <y ^ jfl^^ofl of- 

ell »|I "U 1 * =r s 5 sf^r °J * *B *J # efl o] e „(] 4 ^f - * =8 Sffe 7] ^ 

Si "3 la 



110 

I 




112 

/ 




114 

I 


CRC ! 


► 














> 





L BITS 



ACK/NAK 



L BITS 



CRC 



(L+CRC)xR 



,-1 



120 



CRC 


« 






^7|fe 


Mi7| 




^7| 


« — 





T 
118 



r 

116 
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*m fid 




hi m 



(L+CRQxR" 1 j 



lb 



NAK 



NAK 
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(LfCRC)xR 



,-1 



(L+CRC)xR 



,-1 



(L+CRC)xR~ 1 1 



(L+CRC)xR 



,-1 
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4 



Ext k,2 




422 

L_ 

"11 

c|t"Eia|hH 



(Ext k,2) 



420 



*12 



1-418 



Xk+Ext k,1+Ext k,2 



(Xk)+(Ext k.1) 
+(Ext k,2) 



I 



424 



428 — 



CRC 



-426 



§3 "in-t 



T 

u t 



-430 



4 * 3 
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n ft 
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J£ r f! 6b 




630 



626 

1_ 



X 



628 



u|n|/ 



622 

_i 



81 A«fi§ 



624 



620 
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£'d 9 



ES 



BIT LOCATION 
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